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(54) Title: METHOD OF ASSAY 



(57) Abstract 



The invention provides a method of assay of one or more analytes in an aqueous sample wherein for each analyte to be as- 
sayed monodisperse particles carrying a specific binding partner for that analyte are used to bind the said analyte in the sample 
and a labelled ligand is used to indicate the amount of said bound analyte, the amount of labelled ligand bound to the particles 
being determined by a flow cytometer, characterised in that for each analyte to be assayed a pair of different particle types is 
used, the particles of each of the two particle types of said pair carrying a binding partner having the same specificity but having 
a different binding affinity for the said analyte, the pair of particle types which has reacted with each analyte to be assayed and 
become labelled by a labelled ligand being distinguishable by the flow cytometer from each other and from the pairs of particle 
types which have reacted with each other analyte to be assayed. A corresponding kit for carrying out the method is also provided. 
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"Method of Assay" 

The present invention concerns a method of 
assay, in particular a method of immunoassay. 

Immunological and related techniques are important 
assay methods in clinical laboratories for determination 
5 of constituents such as antigens in serum samples. 

Such substances often are found in low concentrations 
i.e. nmol/1 to pmol/1, and even lower for some antigens. 
The methods are commonly based on the use of a binding 
partner having specificity for the analyte to be 

10 assayed this binding partner often being coupled 

to a solid phase e.g. the plastic surface of a reaction 
well or the surfaces of plastic particles. 

One class of such methods (competitive binding 
radio- immuno-assays) utilizes a radioactively labelled 

15 molecule identical to the antigen or other analyte 
to be determined. Thus for example , addition of 
a known amount of radiolabelled antigen in the presence 
of a small amount of a binding partner, will lead 
to competitive binding of the radiolabelled and the 

20 naturally occurring antigen in the sample, and this 
permits a determination of the concentration of the 
antigen by means of a previously established standard 
curve. 

Another class of such methods (sandwich assays) 
25 utilizes a larger amount of binding partner. This 
binds the analyte of the sample, and the amount of 
bound analyte is indicated by addition of a secondary 
indicator binding partner which binds to the antigen 
the latter being labelled for reading, for example, 
30 on the basis of radioactivity, light absorption or 

fluorescence. This class of methods often has greater 
sensitivity than competitive binding assays and is 
therefore usually to be preferred. 
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single particles in suspension are passed though 

the measurement region of a photometer wherein the 

excitation light causes the emission of a pulse of 

scattered light related to particle size, and a further 

5 signal , e.g. a pulse of fluorescence light related 

to the particle-associated amount of bound label* 

Suitable electronic detectors and microprocessor 

electronics classify and store the results for each 

particle coming through, Thus f a measurement result 

10 from 10.000 to 100 . 000 individual particles is easily 

obtained in one minute of data acquisition time. 

A characteristic feature of flow cytometry is the 

principle of hydrodynamic forcussing of the sample 

stream. This creates a measurement region (volume 

15 of sample stream inside the excitation/-detection 

3 

region) of the order of (10 um) . The amount of 
unbound indicator present in the liquid surrounding 
the particle in the measurement region will therefore 
be too small to significantly influence the measurement. 

20 Thus, reading of particle-based assays can be performed 
by flow cytometry without having to separate free 
from bound reagents prior to reading. Such an assay 
is said to be homogeneous f i.e. separation-free. 

One problem concerning the use of flow cytometry 

25 as a reading device relates to the sensitivity and 

dynamic range of the method. High sensitivity dictates 
the use of a small number of binding particles in 
order to have a reasonable amount of bound analyte 
(and thus label) per particle, even at low concentrations 

30 of the analyte in the sample. This is due to fact 
that measurement accuracy in the flow cytoraeter is 
related to intensity per particle of the signal from 
the label. In order to be able to measure high concentra- 
tions of analyte, it is desirable to use a large 

35 number of binding particles. Since each particle 

has a certain number of binding sites for the analyte, 
the sum of all particles will represent a certain 
binding capacity, and this defines the uper limit 
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of the sample (usually depicted on a logarithmic 
scale). It is known that the dominating factor in 
determining the position (left - right) of the standard 
curve in relation to the dose axis showing analyte 
5 concentration in the sample, is the affinity of the 
binding partner for the analyte. US Patent 4595 
661 utilizes this fact in an immunoassay where in 
addition to the principle antibody is added another 
antibody of lower binding. affinity for the analyte. 
10 This antibody may be coupled to a solid phase or 

be labelled. The patent is based on the measurement . 
of the sum of the contributions from the two binding 
reactions taking place in such a mixed system, where 
the antibody of low affinity will make a significant 
15 contribution only at high ligand concentrations and 
thus forestall the Hook-effect. The reason for this 
is that the standard curve for the low affinity antibody 
alone is shifted to the right (higher dose) compared 
to the standard curve of the ordinary antibody. 
20 It has now been found that if the high and 

low affinity analyte binding partners are coated 
separately onto particles of different types which 
can be distinguished in flow cytometry, the amounts 
of analyte bound by the high-affinity and by the 
25 low-affinity binding partners can be independently, 
but simultaneously measured in the same sample by 
flow cytometry after incubation with the binary mixture 
of particles. Thereby, the principal aim is achieved, 
namely to avoid, the Hook-effect. Furthermore compared 
30 to other known methods the method of the invention 
has the following advantages: 

1) The sensitivity i.e. lowest detectable analyte 
concentration, which is mainly determined by the 
high-affinity binding partner and the degree. of non- 
35 specific binding, will not be reduced by addition 

of low-affinity particles whe both binding parameters 
are measured over a system where only he total sum 
of the two contributions tothe binding is measured, 
as in US Patent No. 4595 661. 
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According to the present invention, there is 
provided a method of assay of one or more analytes 
in an aqueous sample wherein for each analyte to 
be assayed monod isperse particles carrying a specific 
5 binding partner for that analyte are used to bind 
the said analyte and a labelled ligand is used to 
indicate the amount of said bound analyte, the amount 
of labelled ligand bound to the particles being determined 
by a flow cytometer, characterised in that for each 
10 analyte to be assayed a pair of different particle 

types is used the particles of each of the two particle 
types of said pair carrying a binding partner having 
the same specificity but having a different binding 
affinity for the said analyte , the pair of particle 
15 types which has reacted with each analyte to be assayed 

and become labelled by a labelled ligand being distinguish- 
able by the flow cytometer from each other and from 
the pairs of particle types which have reacted with 
each other analyte to be assayed. 
20 In general, the particle types used in the 

method of the invention may be distinguished on the 
basis of size. Conventional flow cytometers can 
use light scattering to detect each particle and 
the light scattering signal is proportional to particle 
25 size so that particles of different sizes can be 
readily distinguished, providing the size-ranges 
of the respective populations do not overlap. Particle 
size can also be determined by the Coulter principle 
based on the change in electrical impedance due to 
30 each particle. The Coulter principle can also be 

used to distinguish particles of identical or overlapping 
size ranges but having different impedance characteristics. 

Where more than one analyte is to be assayed 
pairs of particle types will be used such that the 
35 signals from all particle types can be distinguished. 
If the label used is the same for each analyte in 
the sample to be assayed r the pairs of particle types 
for the respective analyte will have to be distinguishable 
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the oharacterxstics of the particles, e.g. size. 
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m electrical impedence. for example met.1 particles 
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»h,ch may be detected by the Coulter principle while 
differences in particle type may be determined by 
for example, light scattering. 

The method of the invention may be used to 

suitLt " ide "° 9e ° f M » 1 * t "- «i"0 Particles carrying 
suxtable specific binding partners. Analyte and 
bxndrng partner pairs which may be concerned include 
the following ,it win be appreciated that in such 
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(a) antigen and specific antibody (b) hormone and 
hormone receptor (c) hapten and antihapten (d) polynucleo- 
tide and complementary polynucleotide (e) polynucleotide 
and polynucleotide binding protein, <f> biotin and 
5 avidin or streptavidin (g) enzyme and enzyme cof actor 
and (h) lectin and specific carbohydrate. 

The members of the above pairs may also be 
attached to other molecules to be assayed. Thus, 
for example, biotin or a hapten may be covalently 
10 attached to the analyte in a preliminary step prior 

to the assay. 

The preferred analytes for assay according 
to the invention are antigens and the preferred binding 
partners are monoclonal antibodies. 
15 The method of the invention may be applied 

primarily to sandwich assays and variations of these. 
Thus, in a sandwich assay, the analyte may bind to 
the particles and the labelled ligand will be a binding 
partner which simply binds to the analyte before 
20 or after reaction with the particles to provide signal 
proportional to the amount of analyte. The labelled 
ligand may be added to the sample before or after 
the particles or simultaneously therewith. 

According to a further feature of the invention 
25 there is also provided a kit for use in the flow 

cytometric assay of one or more analytes in a sample 
comprising: 

(a) for each analyte to be assayed, monodisperse 
particles carrying a first specific binding partner 

30 for that analyte; 

(b) for each analyte to be assayed, monodisperse 
particles carrying a second specific binding partner 
having the same specificity as said first specifid 
binding partner but a different binding affinity 

35 for the analyte; 

<c) a labelled ligand or ligands serving to indicate 
the amount of each bound analyte; 

the monodisperse particles (a) and (b) being distinguishable 
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to single measurements based for example on radioactivity 
counting. Firstly, the particle type related histogram 
of the sample is expected to remain unchanged throughout 
the series of samples identically set up. This would 
5 confirm the reliability of the flow cytometric analysis. 
Secondly, determining the antigen concentration of 
the sample from two measures, for example the mean 
fluorescence intensities of the two typoes of particles 
referred to the double standard curve, could reveal 

10 deviation from normal performance of the assay if 
the two measures as a pair did not fit well to the 
double standard curve for any concentration. 

The invention is further illustrated with reference 
to the following figures: - 

15 Figure 1 depicts the binding reaction for the 

two types of particles in the presence of a low concentration 
of antigen. 

Figure 2 depicts the binding reaction for the 
two types of particles in the presence of a high 
20 concentration of antigen. 

Figure 3 and 4 show examples of measurements 
made by the flow cytometer. 

Figure 5 gives an illustration of the double 
standard curve which is used in the method according 
25 to the invention. 

Figure 6 shows the histograms obtained in accordance 
with the Example hereinafter. 

Figure 7 shows the double standard curve and 
precision profile for the results from the Example 
30 hereinafter. 

Particle 1 (of type a) is coated with a certain 
binding protein 2 (monoclonal antibody) directed 
against a binding site (epitope) on the antigen to 
be measured. This binding protein is chosen .to have 
35 a very high binding affinity (association constant) 

for the antigen. Particle 3 (of type b) is different 
from particle 1 (type a) in such a way that the two 
particle types can be identified in the flow cytometer 
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be saturated. Excess antigen will bind to the low 
affinity binding sites on type b particles. They 
are present in relatively large concentration, and 
saturation will therefore occur only for particularly 
5 high concntrations of the antigen. 

In Figures 3 and 4 panel A shows histograms 
of the number of registered events (counts per channel, 
y-axis) as a function of the intensity of the light 
scatter signal (x-axis, linear scale). The two types 
10 of particles a and b are seen as clearly separated 

populations. Panel B shows the fluorescence distribution 
for type a particles . i.e. the number of registered 
events (y-axis) as a function of fluorescence intensity 
per particle (x-axis, logarithmic scale). Data aquisition 
15 in this histogram has been gated on window a in the 
light scatter distribution of panel A, i.e. only, 
particles registered within window a on light scatter 
will have their fluorescence measurement registered 
in the histogram of panel B. Panel B thus shows 
20 the fluorescence distribution of type a paticles. 
In a similar way, the fluorescence distribution of 
type b particles has been registered in panel C. 
Panel D is a two-parameter plot which shows the two 
populations a and b according to their respective 
. 25 values in light scatter (y-axis, linear scale) and 
fluorescence (x-axis, logarithmic scale). In this 
case the histogram has been acquired without gating 
conditions. Therefore both populations a and b show 
up in panel D. 
30 Figure 3 shows relatively high fluorescence 

intensity for the small (type a) particles, while 
the fluorescence associated with the larger (type 
b) particles is less. This result corresponds to 
a relatively low antigen concentration where the 
35 antigen preferably binds to type a particles. 

Figure 4 shows corresponding data for a relatively 
high antigen concentration, resulting in strong fluorescence 
for both particle types. 
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reliably identified and separately classified by 
the flow cytometer. 

This is of particular importance if the present 
invention is used to detemine concentrations of more 
5 than one analyte in the same sample or to determine 
more than one form of a particular analyte in the 
same sample. This is done by using one pair of particles 
for each analyte specificity as explained above, 
but chosen such that all particle types used in the 
10 mixture can be distinguished in the flow cytometer 
from their different sizes. 

The present method may be used to read the 
results after the binding reaction has reached complete 
• equilibrium- It should be noted that true equilibrium 
15 can only exist in homogeneous assays, since a separation 
step with removal of free reagents will initiate 
a reverse dissociation reaction- Reading by flow 
cytometry therefore permits measurement at true equilibrium 
as opposed to methods based on separation. 
20 In some cases it may, however be an advantage 

to measure before equilibrium is reached. Thereby 
differences in binding kinetics between two particles 
can be exploited. The present invention thus permits 
continuous measurement of particles as a function 
25 of time, since all reagents are continuously present. 

For such applications, flow cytometry makes it possible 
to start measuring only a few seconds after mixing 
the reagents with the sample - 

Since the present invention is based on measuring 
30 two quantities for each determination instead of 

one, which is conventional, there is a more reliable 
relationship between a set of measurements and the 
corresponding analyte concentration. The double 
standard curve (Figure 5) defines corresponding values 
35 of expected fluorescence intensities for the two 
particle types. If a pair of values is registered 
that does not correspond to a well defined point 
on the concentration scale in the double standard 



TO© 89/1 1101 

PCT/GB89/00506 

- 16 - 
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EXAMPLE 

MATERIALS AND METHODS 

Microsphere particles 

Two different sizes of otherwise identical 
types of polymer particles were used. The particles 
were produced according to a newly developed twp- 
5 step process for preparation of relatively large 
(1-100 um) monodisperse particles of homogeneous 
characteristics (Ugelstad et al.. Adv. Colloid Interface 
Sci 12,101, 1980). The particles used (SS-072-R 
of 7 um diameter and SS-102-R of 10 um diameter) 
10 are referred to as MP 7 and MP10, respectively (Dyno 
Particles, N-2001 Lillestrora, Norway), and were made 
from compact styrene. 

Monoclonal antibodies 
15 Three different antibodies against car cinoembryonic 

antigen (CEA) were used. The two used for particle 
coating were crossreacting antibodies directed against 
the same epitope on the CEA molecule. The antibody 
12-140-5 (IgG2a) used to coat the smaller MP 7 particles 
20. had an association constant of 3.2.10 10 M _1 , the antibody 
12-140-10 (IgGl) used for the larger MP10 particles 
has an association constand of 3.3.10 9 M~ . The 
third antibody (12-140-1, IgGl) was used as labelled 
antibody and was directed against a different CEA 
25 epitope, thus fulfilling the requirement for a two- 
site immunometr-ic assay. This antibody was conjugated 
to biotin essentially as described by Guesdon et 
al (J. Histochem. Cytochem, 27,1131 1979 using biotin 
-aminocaproic acid N-hydroxysuccinimide ester (calbiochem) . 
30 A ratio of 50 biotin molecules to each antibody molecule 
was used and the reaction was carried out in- 0.1 
M NaHC0 3 at pH 9.5 for 16 h at room temperature. 
The labelled antibody was separated from free biotin 
by gel filtration through a BioGel P30 column (2.2x24 
35 cm) in PBS. All antibody molecules contained functionally 
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active biotin residues. All three antibodies were 
mouse monoclonal antibodies. 

Particle coating 
5 Physical adsorption was used to coat the particles 

with the primary antibodies. One mg of antibody 
12-140-10 was incubated with 400 mg of MP10 particles 
in 5 ml of PBS during slow end-over-end rotation 
overnight at room temperature. The adsorption of 
12-150-5 antibody was carried out using 1 mg antibody 
and 100 mg MP7 particles in 2.5ml PBS. The particles 
were washed three times in 1% BSA-PBS-NaN The 
MP7 particles bound 4.6 ug of antibody per "nig of 
particles, the MP10 particles bound 2.0 ug/mg . Coated 
microspheres were stored at 4°C prior to use, and 
only insignificant dissociation of antibody from 
the surface was observed over several months of storage. 

CEA standard 

A dilution series was made from purified CEA 
determined to contain 6750 ug/1 (Bormer, Clin. Biochem, 
15,128 1982). 

Assay procedure 

Serial 1:3 dilutions of CEA in the concentration 
range 0.2 ug/1 to 1350 ug/1 were made up in 1% BSA— 
PBS as 200 ul samples in Eppendorf tubes. From a 
reagent mixture containing one part MP 7 particles 
(concentration. 9. 10 6 particles/ml> , one part MPIO 
particles (concentration 15. 10 6 particles/ml), one 
part secondary biotin-labelled 12-140-1 antibody 
(concentration 14 ug/ml) , and one part Streptavidin- 
Phycoerythrin Conjugate (undiluted, Becton Dickinson 
Immunocytometry Systems, Mountain View, CA) ,. 40 ul 
was added to each CEA sample, resulting in a 24x 
dilution of the individual reagent concentrations 
cxted above. The samples were incubated for several 
hours in the dark at room temperature with slow end-over- 
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end rotation, and directly analyzed in the flow cytometer 
without washing. 

Flow cytometric analysis 
5 Samples were analyszed in a Coulter EPICS V 

flow cytometer (Coulter EPICS Division, Hialeah, 
Florida) using 600 mW of the 488 nm line from, an 
Argon ion laser for excitation of phycoerythr in fluorescence. 
Detection was in the region 550-590 nm. Separate 

10 histograms of logarithmic fluorescence intensity 
representing the two particle types MP 7 and MP10 
were acquired by means of gating on windows set in 
the light scatter histogram for each of the two populatons. 
The mean channel number of logarithmic fluorescence 

15 histogram was taken as a measure of the particle- 
associated immunofluorescence. 
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RESULTS 

Figure 6 shows an e* aniE >le of flow cytometric 
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Figure 7B shows the double precision profile 
for this type of assay as calculated from the data 
shown in Figure 7A. The precision profile is a plot 
of the relative uncertainty in the determination 
of a certain antigen concentration or dose (D) r over 
5 the range of concentrations used in the assay (Ekins, 
198 3 in Immunoassays for Clinical Chemistry, 2nd 
Edition Churchill and Livingstone, p. 76). The precision 
profile is usually calculated from the total set 
of parallel samples at different concentrations. 
10 However, the important influence of the shape of 

the standard curve for the precision profile is usually 
calculated from the total set of parallel samples 
at different concentra tiona . However, the important 
influence of the shape of the standard curve for 
15 the precision profile can be derived from the double 
standard curve in Figure 7A. 

Figure 7B shows values of the relative standard 
deviation of D in percent based on a difference 
of 2.0 in mean channel values between parallel histograms 
20 of replicate samples. The horizontal line drawn 
in Figure 7B to indicate the working range of the 
assay corresponds to a level of 10% precision. 

At this level of 10% precision, the double 
precision profile indicates a working range from 
25 about 0.2 to 200 ug/l r corresponding to a dynamic 
range of 3 decades. The measurement obtained from 
the high affinity particles provides high precision 
in the low concentration range, and the measurement 
from the low affinity particles provides precision 
30 in the high concentration range. As shown by Figure 
7B, the range obtained by using the high affinity 
particles alone would correspond to 2 decades, or 
probably less. 
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CLATMSr 

1. A method of assay of one or more analytes in 
an aqueous sample wherein for each analyte to be 
assayed monodisperse particles carrying a specific 

th^saL^r that a " USSd to b ^ 

the saxd analyte xn the sample and a labelled ligand 

xs used to indicate the amount of said bound analyte 

the amount of labelled ligand bound to the particles' 

in th f ! ermin6d by 3 flOW IOmeter, characterised - 
in that for each analyte to be assayed a pair of 
different particle types is used, the particles of 
each of the two particle types of said pair carrying 
a binding partner having the same specificity but 
Having a different, binding affinity for the said 
analyte, the pair of particle types which has reacted 
wxth each analyte to be assayed and become labelled 
by a labelled ligand being distinguishable by the 
flow cytometer from each other and from the pairs 
of particle types which have reacted with each other 
analyte tb be assayed. 

2. A method as claimed in c i aim L in which ^ 
than one analyte in the sample assayed and all the 
monodxsperse particle types used can be separately 
determined by the flow cytometer. 

fc A method as <^imed in claim 1 or claim 2 in 
"hich all the monodisperse particle types used are 
distinguished by the flow cytometer by differences 
m particle size. 

4. A method as claimed in any of claims 1 to 3 

sigL h i q wh"h d ca ab b el d S 3 SUbStanCe Photometric 
sxgnal which can be determined quantitatively by 

the flow cytometer. 
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5* A method as claimed in claim 4 in which the 
difference in particle size is determined by estimating 
scattering of light produced by a light source also 
triggering the said fluorescence signal. 

5 

7. A method as claimed in any of the preceding 
claims wherein flow cytometry is effected when the 
analyte binding reaction has reached equilibrium. 

10 8. A method as claimed in any of claims 1 to 6 

in which flow cytometry is effected before the analyte 

binding reaction has reached equilibrium whereby 

the kinetics of the binding reaction may be examined. 

9. A method as claimed in any of the preceding 
claims in which particles of a further type are included 
which carry an irrelevant antibody, thus providing 
an indication of the level of non-specific binding 
of the labelled binding partner. 

10. A method as claimed in any of claims 1 to 8 
in which the analyte and binding partner pairs are 
selected from (a) antigen and specific antibody (b) 
hormone and hormone receptor (c) hapten and anti- 
hapten (d) polynucleotide and complementary polynucleotide 

(e) polynucleotide and polynucleotide binding protein 

(f) biotin and avidin or streptavidin (g) enzyme 
and enzyme cofactor and (h) lectin and specific carbohydrate. 

30 11. A method as claimed in claim 10 in which the 

analyte is an antigen and the binding partner therefor 
is a monoclonal antibody. 

12. A kit for use in the flow cytometric assay 
35 of one or more analytes in a sample comprising: 

(a) for each analyte to be assayed, monodisperse 
particles carrying a first specific binding partner 
for that analyte; 
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particf " 6aCh analyte t0 ^ aSS3yed ' —disperse 

partxcles carrying a second specific binrfi 

having the sane specificitv 9 Partner 

binding partner but . dTffLent bind 
5 for the analyte; lfferen * bxndxng affinity 

CO a labelled ligand serving to . 

of each bound analyte; «*xcaf the arcount 

the monodisperse particles Ca) and k • 

each other ana £rom any ' ^^tvl? ^"^^ 
" to other anaiytes in the aipL \^ , """""-^ 

types „ S ea can he separateXy^ „.a ^T^* 
cytceter after reaction with the respect!- ^ 
ana oeccin, iaoeiiaa by saia Xahe^i^a 
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